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healthy  lifestyle,  can help  reduce  the  breast  cancer  risk 
(1).   Regarding  a  healthy  lifestyle,  evidence  exists  for 
the  role  of   a  healthy  diet  and  physical  activity  in  pre-
venting  and  delaying  cancer  progression.  For  example, 
an Asian diet  that  is  rich  in plant-based  food has been 
conveyed as a potential approach to reduce the risk and 
delay the progression of  breast cancer (2). More specif-








Coconut  (Cocos nucifera  L.)  is  an  important  tropi-
cal  fruit.  Coconut  water  that  is  commonly  consumed  as 
a  refreshing  beverage  in  the  tropical  regions  has  been 
associated  with  various  health  and  medicinal  benefits, 
 including antibacterial, antifungal, antiviral, anti- parasitic, 
 anti-dermatophyte,  antioxidant,  hypoglycaemic  and 
hepatoprotective benefits (5). These health benefits may be 
attributed to the presence of several bioactive compounds 
in  its  composition,  including  vitamins,  amino  acids,  or-
ganic acids, enzymes  (6) and phenolic acids  (7). Coconut 
water has also been linked with anti-inflammatory (8) and 











availability  of  several  bioactive  components  (11).  Vin-
egar  is  a natural  food additive, which  is  produced  from 
fruits or vegetable rich in glucose, by a two-step process: 
alcohol  fermentation  and  acetic  acid  fermentation. The 
common use of  vinegar as  a  food  seasoning and  thera-








effects  (16).  Also,  sugar  cane  vinegar  was  reported  to 
kill leukaemia cells via induction of apoptosis (17). Guo 
et al. (18) noted that vinegar prevented the formation of 
N- nitroso  compounds,  which  are  known  carcinogens. 
These studies (15–18) helped justify the correlation of the 
use of vinegar with reduced cancer risk (14).
Vinegar  can be produced  from various  sources of  fruit 
and  vegetables  (12,  13). Although  acetic  acid  is  the main 



















omyces cerevisiae 7013 INRA to produce alcohol and then 
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(0.8 × 105 cells/well) were seeded in a 96-well plate overnight. 
Then, a twofold serial dilution of coconut juice vinegar was 
pipetted  to  the  plate  and  incubated  for  48  h. Afterwards, 
the MTT solution was added to all the wells and the plates 
were incubated for 3 h to allow the formation of formazan 








5-Bromo-2´-deoxyuridine (BrdU) cell proliferation assay
The  BrdU  proliferation  assay  was  measured  using  a 
BrdU  cell  proliferation  kit  (Merck,  Germany).  Firstly, 
the 4T1 cells (8 × 104 cells/mL) were seeded in the plates and 
incubated overnight. The next day,  the cells were  treated 














Cells  were  cultured  at  2.3  ×  105  cells/well  and  treated 















vinegar  at  0.27  and  0.35 mg/mL,  respectively,  for  48  h. 
Then, the cells were double-stained with PI and FITC for 
















The  female BALB/c mice  (n = 32;  age  4–6 weeks;  aver-




cording  to  the  guidelines  of  the  Animal  Care  and Use 
Committee,  Universiti  Putra  Malaysia  (UPM/FPV/
PS/3.2.1.551/AUP-R168).
In vivo antitumour effect of coconut water vinegar














G1  (n  =  8):  Non-induced  mice  were  given  100  µL 
 distilled  water  once  per  day  throughout  the  study 
(normal control);
G2 (n = 8): Induced mice were given 100 µL distilled 
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Terminal dUTP nick end labelling (TUNEL) assay
The terminal deoxynucleotidyl transferase (TdT)- mediated 
dUTP  nick  end  labelling  assay  was  performed  using  a 
DeadEnd colourimetric apoptosis detection kit ( Promega, 
Wisconsin, USA), according to the manufacturer’s proto-





slides  were  fixed  in  4%  paraformaldehyde  and  perme-
abilised  using  proteinase K  and  then  fixed  again  in  4% 
paraformaldehyde. The slides were then equilibrated using 
the equilibration buffer and labelled using TdT. Next, the 
slides  were  blocked  in  hydrogen  peroxide  before  being 






Metastasis analyses using clonogenic assay
The metastasis of 4T1 cells was investigated using a clono-






were  chopped  into  small  pieces  (<  1  cm3).  Then,  each 











Quantitative reverse transcription polymerase chain reaction 
(qRT-PCR) analysis
Equal  amounts  of  total  RNA  were  extracted  using 
an  RNeasy  mini  kit  (Qiagen,  Germany)  and  were 
 reverse-transcribed  to  cDNA  using  an  iScript™  cDNA 
synthesis kit (Bio-Rad, California, USA). The cDNA was 
then  subjected  to  qRT-PCR analysis,  for  the  intracellu-
lar adhesion molecule-1 (iCAM), c-myc,  inducible nitric 
oxide synthase (iNOS), nuclear factor kappa B (NF-κB), 
glyceraldehyde  phosphate  dehydrogenase  (GAPDH), 
California,  β-actin  and  hypoxanthine  phosphoribosyl-
transferase (HRPT), using an iQ5 real-time PCR machine 
(Bio-Rad, California, USA). The  differential  expression 
results  were  normalised  and  analysed  using  the  house-
keeping genes (GAPDH, β-actin and HRPT), by the iQ5 
Optical  System  software.  The  sequences  of  the  primers 
used in the study are given in Table 1.
Western blot analysis of matrix metalloproteinase 
9 (MMP9) and vascular endothelial growth factor 
(VEGF) protein levels and quantification of nitric 
oxide (NO) by the Griess assay
The  tumours  were  harvested,  snap  frozen  and  kept  at 
−80°C until use. For the extraction of protein, each tumour 
was weighed and ground in a mortar and pestle using liquid 
nitrogen. Then,  it was  lysed  in radioimmunoprecipitation 
assay buffer [150 mM sodium chloride, 1.0% NP-40 or Tri-
ton X-100,  0.5%  sodium deoxycholate,  0.1%  sodium do-
decyl sulphate (SDS) and 50 mM Tris, pH 8.0] added with 
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Immunophenotyping by flow cytometry









Blood was  collected  from  each mouse  using  BD Micro-
tainer® tubes (Becton Dickinson, New Jersey, USA) and 
spun at 10,000 rpm for 15 min. The resultant serum was 
kept at −20°C until use. On  the allocated day,  the  serum 
was diluted 10-fold using an assay diluent buffer and as-
sayed by  the ELISA cytokine assay;  interleukin-2  (IL-2), 
IL-1 beta (IL-1β), IL-10 and interferon gamma (IFNγ). All 
assays  were  performed  according  to  the  supplied mouse 
cytokine kit protocols (R&D Systems, Minnesota, USA).




















viation  (SD)  and were  analysed  using  one-way  analysis 
of variance (ANOVA).The group means were compared 




Coconut water vinegar reduced viability, induced proliferation 
and delayed wound healing of 4T1 cells
The MTT assay  showed  that  freeze-dried  coconut water 







showed  that  at  IC50,  coconut  water  vinegar  significantly 
(p < 0.05) decreased the G0/G1 phase-associated increase 
of the subG0/G1 phase at 48 and 72 h. At IC75, coconut 
water  vinegar  further  reduced  the  population of  cells  in 
the S and G2/M phases, besides reducing those in the G1 
phase and increasing cells in the subG0/G1 phase, at 72 h 
(Fig.  1c;  Supplementary Fig.  1). Also,  the  annexin V/PI 
apoptosis assay showed that most of the 4T1 cells treated 









Coconut water vinegar delayed tumour formation, 






At  28  days,  the  tumour  size  and  weight  of  CH-treated 
mice  were  significantly  (p  <  0.05)  lower  than  untreated 
mice post-challenged with 4T1 cells (Fig. 3a & b). In mice 
that  received  0.08 mL/kg  body weight  (CL)  of  coconut 
water  vinegar,  tumour  formation was  also  later  relative 
to the untreated mice post-challenged with 4T1 cells. At 
28 days,  post-challenged CL mice were  recorded with  a 
lower  but  not  statistically  significant  (p  <  0.05)  tumour 
volume and weight than untreated mice (Fig. 3a & b).
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From  Fig.  3c  and  Supplementary  Fig.  3,  it  is  clear 
that mice  treated with CH displayed  a  high  number  of 
TUNEL-positive cells in the tumour immunohistochem-







Coconut water vinegar downregulated mRNA expression of 
iCAM, c-myc, iNOS and NF-κB, protein expression of VEGF 
and MMP9, and NO level in the tumour
Relative  to  the  untreated mice,  CL  treatment  only  sig-





ysis.  CH  treatment  significantly  (p  <  0.05)  reduced  the 
protein expression of  VEGF and MMP9 in the tumour 
of   the mice  compared  to  the  untreated  4T1- challenged 
mice (Fig. 5b; Supplementary Fig. 4). The NO levels  in 
the tumour of  both CL- and CH-treated mice were sig-
nificantly  (p  <  0.05)  lower  than  that  in  untreated mice 
(Fig. 5c).
Coconut water vinegar increased serum level of anti-cancer-
related cytokines (IL-2 and IFNγ), spleen CD3+CD8+ and 
NK1.1 cells population and cytotoxicity of splenocytes






When  compared  with  the  untreated  mice,  the  anti-
cancer-related  cytokines,  IL-2  and  IFNγ,  occurred  at  a 
higher level in the serum of CH-treated mice, whereas the 
amounts were  not  significantly  (p  <  0.05)  higher  in  the 
CL-treated mice (Fig. 6b).
Splenocytes harvested  from untreated 4T1-challenged 
mice  were  recorded  with  about  50%  cytotoxicity  on 
murine YAC-1 lymphoma. Interestingly, both CL and CH 
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Discussion
Breast  cancer  is  still  the  most  common  type  of  cancer 
among  women  worldwide,  and  efforts  in  breast  cancer 
prevention and treatment continue to receive considerable 
attention (1). A change in lifestyles, such as an increased 
intake  of  healthy  food,  especially  fruit  and  vegetables, 
is  believed  to  be  an  effective  approach  for  cancer  pre-
vention (25). Chemoprevention by consumption of fruit 
and vegetables has been correlated with  the presence of 
phytochemicals  that possess  antitumour  effects  (26). As 
mentioned above, coconut water has been associated with 
antitumour,  immunostimulatory  and  anti-inflammatory 
effects  (8–10). However,  the  antitumour  effect  of  coco-
nut water vinegar, which has been commonly consumed 
in  tropical countries, has yet  to be evaluated. Thus,  this 
study was performed to assess its in vitro and in vivo anti-
tumour effects on murine breast cancer 4T1 cells.
Freeze-dried  coconut  water  vinegar  reduced  the  via-
bility, halted proliferation and induced apoptosis of 4T1 
cells after 48 h of treatment in vitro. Previous reports have 
shown  that  various  types  of  vinegar  could  kill  human 
cancer cells via several modes (15, 17, 27). For example, 
sugar cane vinegar  ‘kibizu’  induced apoptosis  in human 
leukaemia cells (17) while unpolished rice vinegar ‘izumi’ 
induced death of human  squamous  cell  carcinoma cells 









Fig. 2. (a)  Annexin  V/PI  apoptosis  quantification  of  un-









assay quantification of  the  apoptotic  event  in  the  tumours 
of untreated, 0.08 (CL) and 2 (CH) mL/kg body weight co-
conut water  vinegar-treated  4T1-challenged mice. Data  are 
expressed as mean ± SEM. *p < 0.05.
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Given  that  coconut  water  vinegar  illustrated  in vitro 
cytotoxicity  in  4T1  cells,  the  in vivo  antitumour  effect 
was  validated  on  the  4T1-challenged  mice.  Mice  pre-
treated with 0.08  (CL) and 2  (CH) mL/kg body weight 




effect  on  breast  cancer  and  delayed  the  progression  of 
primary tumours  in a dosage-dependent manner, which 
is similar to the anti-carcinogenetic impact of  unpolished 
rice  vinegar  (16).  The  in vitro  experiment  revealed  that 
induction of  apoptosis  in 4T1 cells was  the main mode 
of   cell  death  induced  by  coconut  water  vinegar.  The 
IHC TUNEL assay result showed that the decreased tu-
mour  size  recorded  in CH-treated mice was because of 
the  induction  of   apoptosis,  which  further  supports  the 
in vitro  findings.  In addition,  the  effective  inhibition of 
primary tumour development by coconut water vinegar 
is  possibly  attributed  to  the  suppression of   c-myc  gene 
expression, as  seen  in  the qRT-PCR assay. C-myc  is an 
oncogene that plays an  important role  in  tumorigenesis 




Breast  4T1  cells  are  highly metastatic,  triple-negative 
breast cancer cells and have been widely used as an aggres-
sive murine  breast  cancer model  that  represents  human 
stage 4 breast cancer (29, 30). Similar to an earlier report 
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breast cancer, as downregulation of these genes has been 
previously  found  to  suppress breast  cancer  cell  invasion 




Chronic  inflammation  is  commonly  found  in  the  tu-
mour  microenvironment  (10).  NF-κB  is  the  major  in-
flammatory mediator, which also takes part in promoting 
tumour  metastasis-related  genes,  including  MMP-9, 
VEGF  and  iCAM.  Overexpression  of  NF-κB  is  stated 
to  stimulate  iNOS,  thereby  producing  an  excessive  NO 
amount  (32),  which  subsequently  promotes  tumour 
growth  via  activation  of  c-myc,  and  induces metastasis 
by  increasing VEGF production  (31)  in  the presence of 
the p53 mutation. Considering that 4T1 are p53-deficient 
breast cancer cells (33), a high NO level, promoted by the 
NF-κB  signalling  pathway  in  the  tumour  of  untreated 
4T1-challenged mice, may contribute positively to the tu-
mour progression and metastasis by inducing expression 





and  iNOS  genes,  which  contributed  to  the  significantly 
(p < 0.05)  lower NO  level  in  the  tumour of CH-treated 
mice  compared  to  the  untreated  4T1- challenged  mice. 
This  result  suggests  that  the  anti-inflammatory  effect 
of coconut water vinegar at 2 mL/kg body weight helps 




with  4T1  cells were  observed with  dysfunction  of  cyto-
toxicity but without a significant reduction in the number 
of  cytolytic  T  and NK  cells.  It  subsequently  supported 
the invasion of 4T1 cells into organs, including the spleen 
(36), as seen in the untreated 4T1-challenged mice in the 
present  study. When  treated with CH,  the  activation of 
immunity was observed, which was indicated by a higher 
population of cytolytic T cells and NK cells, higher levels 




T  and NK  cells  (37). Moreover,  IFNγ  is  an  anticancer 
cytokine  that  suppresses  the progression and metastasis 
of cancer cells, including 4T1 cells (36). Increasing levels 
of IL-2 may directly contribute to stimulating prolifera-





In  this  study,  coconut  water  vinegar  demonstrated  a 




progression of  4T1 breast  cancer  cells  in vivo. Thus, we 
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